We obtained K-band (2.0-2.5 m) infrared spectra of the visually obscured superluminal source GRS 1915+105 on three di erent epochs of the year 1995, at times when it was detected as a hard X-ray source. The three spectra exhibit HI Br (2.167 m) and HeI (2.058 m) emission lines. The spectral morphology, absolute magnitude, and time-variability of the infrared counterpart are consistent with the class of high mass X-ray binaries that contain late Oe and early Be as mass donor stars. In GRS 1915+105 we have not detected Doppler-shifted emission lines, as observed in the classic stellar source of relativistic jets SS 433. We discuss why in GRS 1915+105 it may be more di cult than in SS 433 to detect emission lines from the jets.
Introduction
The microquasar GRS 1915+105 has attracted much attention since it was discovered that it is a source of superluminal radio-jets . Until then, transverse motions with apparent velocities greater than the speed of light had only been observed in Active Galactic Nuclei, which are generally believed to be powered by massive black holes. This similarity suggested that GRS 1915+105 could harbor a stellar mass black hole. Indirect support to this hypothesis came from the discovery of a second superluminal source GROJ1655-40 (Hjellming & Rupen, 1995 Tingay, 1995) , which consists of a secondary star of 2.3 M orbiting around a compact object of 7.0 M (Orosz & Bailyn, 1996) . Both superluminal galactic sources are transient hard X-ray sources with photon spectra extending at least up to 500 keV (Grove, Kroeger & Strickman, 1996) .
Using relativistic constrains, demonstrated that GRS 1915+105 must be in our own Galaxy. However, because it is close to the galactic plane (l = 45.37 , b = -0.22 ) beyond 27 magnitudes of absorption at visual wavelengths Chaty et al. 1996) , the precise nature of this presumed X-ray binary has so far been somewhat elusive. Chaty et al. (1996) showed that the time variable infrared counterpart found by has a striking photometric resemblance with the classic stellar source of relativistic jets SS 433, which is a high-mass X-ray binary. Furthermore, the time-delayed infrared reverberation of an energetic outburst in GRS 1915+105 observed by , suggests the presence of dust at 10 16 cm from the source. GRS 1915+105 exhibits variability on time scales of sub-seconds (Greiner, Morgan & Remillard, 1996) , minutes , and months (Harmon et al. 1996; Rodr guez et al. 1995) . The long-term X-ray light curve of GRS 1915+105 (Sazonov et al. 1996; Harmon et al. 1996; Rodr guez et al. 1995; Foster et al. 1996) showed a slow rise to maximum X-ray luminosity in 1992, and for the last four years it had an erratic bursting history with recurrent peaks of similar intensity. Harmon et al. (1996) pointed out that this long term behavior is unlike the typical X-ray light curves of low mass X-ray novae.
In an attempt to unravel the nature of this visually obscured source, in the course of the year 1995 we obtained K band (2.0-2.5 m) spectra of the infrared counterpart of GRS 1915+105. At these epochs the source was detected in the 20-100 keV energy band by BATSE on the COMPTON Observatory (Harmon et al. 1996) . We compare the spectra of GRS 1915+105 with the available K band spectra of high mass stars and high mass X-ray binaries obtained by Everall et al. (1993) and Hanson, Conti & Rieke (1996) . Finally, we discuss the possible reasons for the apparent absence of Doppler-shifted \moving" lines arising from the jets of GRS 1915+105. The standard procedure of oversampling was used to minimize the e ects of bad pixels. The two spectra obtained with the 1-pixel (1.23 arcsec) slit were sampled over two pixels by mechanically shifting the array in 0.5 pixel steps in the dispersion direction, giving a full width at half maximum resolution of 34 A ( 460 km s ?1 at 2.25 m). The September 4 spectrum was observed with the 2-pixel slit, corresponding to a FWHM resolution of 68 A. We employed the non-destructive readout mode of the detector in order to reduce the readout noise. To compensate for the uctuating atmospheric emission lines relatively short exposures were taken with the object spectrum switched between two di erent spatial positions on the detector. Throughout the observing run the slit orientation was north{south. Details of the design and use of CGS4 can be found in Mountain et al. (1990) .
Observations
The CGS4 data reduction system performs the initial reduction on the 2D images. These steps included the application of the bad pixel mask, bias and dark subtraction, at eld division, interlacing integrations taken at di erent detector positions, and co-adding and subtracting the nodded images (see Daly & Beard 1994) . The residual sky background was then removed from each spectrum. Finally, 1D spectra were extracted by summing the counts in the rows containing the object ux. Atmospheric features were removed and the spectra were wavelength and ux calibrated as part of the UKIRT service program. Finally, each spectrum was dereddened using A v = 26.5 ) and the infrared extinction law from Koorneef (1983) .
Results
The dereddened spectra of GRS 1915+105 are displayed in Figure 1 . The HI Br (2.167 m) and HeI (2.058 m) emission lines are apparent in all three spectra. The line uxes, equivalent widths, and full widths at half maximum of these lines are listed in Table 2 . For comparison, in Figure 1 is also shown the combined K-band spectra of two late Oe and two early Be high mass X-ray binaries observed by Everall et al. (1993) with the same instruments that we used for our observations of GRS 1915+105. The de-reddened spectra of GRS 1915+105 are strikingly similar to the combined spectrum of the four Oe-Be X-ray binaries observed by Everall et al. (1993) , in the slope of the continuum, as well as in the relative strength of the emission lines. The inspection of the K-band spectra of a sample of eight high mass X-ray binaries by Hanson, Conti & Rieke (1996) shows that the spectra of GRS 1915+105 are similar to the four high mass X-ray binaries classi ed as late Oe or early Be, and di erent from the four high mass X-ray binaries with other spectral classi cation (e.g. Cygnus X-1) or with uncertain spectral type (see Table 1 by Hanson, Conti & Rieke 1996) . On the other hand, Morris et al. (1996) have shown that the K-band spectral morphology of luminous stars may be time variable, and we can not rule out the possibility that GRS 1915+105 could at times, appear as a Of/WN star.
Besides the HI Br and HeI at 2.167 mand 2.058 m respectively, only the HI Br line at rest wavelength of 1.945 m was clearly detected on the three dates. However, due to strong telluric bands at wavelengths 2.0 m no accurate parameters could be derived for this line. On the other hand, no Doppler-shifted emission lines from relativistic ejecta are apparent in any of the three spectra shown in Figure 1. 4. Discussion 4.1. A high mass X-ray binary? On 1993 Sep 28 and Oct 7, at times when the source was not detected in the hard X-rays (Harmon et al. 1996; Foster et al. 1996) , Castro-Tirado et al. (1996) obtained K-band spectra of GRS 1915+105. Whereas the latter showed HI Br (2.167 m) and HeI (2.058 m) emission lines as observed by us in 1995, these lines were absent in the 1993 Sep 28 spectrum. In late Oe and early Be stars, these emission lines arise in the extended circumstellar envelopes, and since they are time variable, it is not surprising that the HI Br and HeI emission lines were absent in the 1993 Sep. 28 spectrum. On the other hand, the spectra of GRS 1915+105 in Figure 1 do not conrm the possible weak HeII feature at 2.189 m that Castro-Tirado et al. (1996) claimed to have detected.
On the basis of spectral morphology and K band infrared luminosity, Castro-Tirado et al. (1996) suggested that GRS 1915+105 is a low-mass X-ray binary. However, they did not realize that the spectrum they obtained of GRS 1915+105 on 1994 Oct 7, -at a time when the source was not detected in the hard X-rays (Harmon et al. 1996) -is consistent with the spectra of some high mass X-ray binaries (Everall et al. 1993; Hanson, Conti & Riecke, 1996) . Assuming A V = 18-24 magnitudes, they argued that the K magnitude of GRS 1915+105 was fainter by 1-2 magnitudes than any high-mass X-ray binary. However, from HI and CO observations Chaty et al. (1996) showed that the visual absorption is A V = 26.5 mag, which is consistent with the column density N H = 5 10 22 atoms cm ?2 inferred from the X-ray observations with ROSAT (Greiner et al. 1994 ) and ASCA (Ebisawa et al. 1995) . From Koorneef (1983) we derive a K-band absorption A(K) = 2.4 mag., and placing GRS 1915+105 at a distance of 12.5 kpc (Rodr guez et al. 1995) , we nd that the absolute K magnitude of GRS 1915+105 is consistent with that of massive X-ray binaries with late Oe and early Be companions. Chaty et al. (1996) had pointed out the infrared photometric similarities between GRS 1915+105 and the high mass X-ray source of relativistic jets SS 433. In fact, the infrared photometric similarity is even more striking between GRS 1915+105 and one of the best studied Be/X-ray transients; A0538-66 in the LMC (Charles et al. 1983) . The J, H, and K absolute magnitudes of GRS 1915+105 and of A0538-66 (Allen, 1984) , adopting an LMC distance modulus of 18.7 are listed in Table 3 . The J, H, and K absolute magnitudes, the 1.25-2.2 m broad band spectral slope, and the range of magnitude variations of GRS 1915+105 are -within errors-comparable to those observed in A0538-66. It is interesting that such infrared similarity is found between the most luminous X-ray transient source in the Galaxy since 1992, and the object that in the late 70's became the brightest transient X-ray binary in the LMC. Both sources reach L X 10 39 erg s ?1 at outburst peak Charles et al. 1983) . Note that GRS 1915+105 appears to be slightly brighter than A0538-66 in the J, H, and K bands and therefore, the photometric similarity would still hold if the distance (12.5 kpc) and/or interstellar absorption (A K = 2.4 mag..) to GRS 1915+105 had been overestimated by 10-20 %. have observed the infrared reverberation of an X-ray/radio outburst of GRS 1915+105, which took place in 1995 August. The infrared spectral evolution in the J, H, and K bands during this outburst suggests that the observed ux enhancement in the H and K bands was due to emission from heated dust. derived a circumstellar dust mass that is consistent with the dust masses found in the extended envelopes of massive stars (Allen & Swings, 1976) .
Besides stellar emission, there may be other sources of infrared emission to account for the observed changes in the infrared brightness and colors of GRS 1915+105: a) thermal dust reverberation of energetic outbursts as mentioned above, b) Doppler-broadened spectral line emission from entrained ions in the relativistic jets (see next subsection), c) free-free emission from an X-ray driven wind (van Paradijs et al. 1994 ), d) infrared emission from an accretion disk (Castro-Tirado et al. 1996) , and e) synchrotron emission from relativistic jets (Sams et al. 1996) . Mechanisms a), c) and d) were discussed in . In relation to e) we point out that Sams et al. (1996) claimed the detection of synchrotron infrared jets on the basis of imaging observations at a single wavelength. If real, the K = 13.9 mag synchrotron jets would represent about 20 % of the maximum K band observed luminosity of GRS 1915+105 . Furthermore, we note that the multiwavelength observations in the J, H, and K bands by were carried out between 14 and 25 days after the observations by Sams et al. (1996) , showing that the enhancement in K band luminosity at the time of the major energetic outburst was due to thermal emission from heated dust.
The X-ray and radio light curves of GRS 1915+105 (Sazonov et al. 1994; Harmon et al. 1996; Rodr guez et al. 1995; Foster et al. 1996) are unlike the typical X-ray and radio light curves of low mass X-ray novae. The latter usually show a fast-rising initial outburst followed by a gradual decline in intensity of a few months. For the last four years GRS 1915+105 had an erratic bursting history with recurrent peaks of similar intensity. These recurrent outbursts are characteristic of high mass X-ray binaries with eccentric orbits of long period. The time and duration of the outbursts are sometimes well correlated to the orbital period of the binary (e.g. A0538-66, Charles et al. 1983) . At this moment we still do not have enough data to derive an orbital period in GRS 1915+105, but we point out that in the course of 1994 recurrent ejections every 20-30 days were observed .
X-ray binaries with late Oe and early Be stars are the most numerous class of massive X-ray binaries and represent a late stage in the evolution of some massive binaries (van Paradijs & McClintock, 1995) . The stellar rotation of the Oe-Be star with near breakup velocity at its surface leads, from time to time, to erratic outbursts of equatorial mass ejection. The compact object moving in a highly eccentric orbit with typical periods 15 days, may appear as a recurrent transient hard X-ray source.
4.2. The absence of Doppler-shifted emission lines suggested a search for Doppler-shifted spectral lines from the relativistic ejecta of GRS 1915+105. The detection of such lines would provide the Doppler factor, which together with the proper motions of the two-sided jets would lead to a determination of the distance to the source using the principles of Special Relativity. Since the ejecta move with a velocity of 0.92c at 70 to the line of sight, spectral lines arising in the approaching and receding ejecta would have mean redshifts of 0.75 and 2.36 respectively. This means that H emission from the receding ejecta would appear at 2.2 m, close to the center of the observed band.
Although we have detected in the K band Dopplershifted emission lines from the jets of the classic relativistic stellar source SS 433, in the spectra of GRS 1915+105 no Doppler-shifted lines are apparent. This negative result could be due to any of the following reasons. 1) Contrary to SS 433, the jets in GRS 1915+105 may be purely e + e ? pair jets with no ions. 2) Besides their relativistic bulk motion of 0.92c, the size evolution of the ejecta as measured by , Table 1 ), seems to indicate intrinsic relativistic expansions at 0.1c. This means that the emission lines would be Doppler-broadened by 0.1 , namely smeared over a large fraction of the observed wavelength band, rendering their detection di cult. In this context, there is the possibility that some of the luminosity variations observed in the J, H, and K bands could be due to extremely broad, time variable emission lines. 3) In contrast to SS 433, the ejection events in GRS 1915+105, which take place after periods of mass/energy storage, appear to be sudden, short, and rather discontinuous . Although GRS 1915+105 was active in the hard X-rays at the time of our observations, the radio ux was observed in a plateau state at levels of 100 mJy (Foster et al. 1996) . Therefore, the spectroscopic observations are likely to have been carried out when no ejection event was taking place.
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